Introduction: sickle cell disease and HIV infection are prevalent in sub-Saharan Africa. While Haemoglobin S (HbS) contributes to significant
Introduction
Sickle cell disease (SCD), an autosomal recessive disorder caused by the inheritance of abnormal sickle haemoglobin (Hb) S or C from both parents, is among the commonest severe genetic disorders globally [1] . It results from a mutation in the β haemoglobin gene that causes haemoglobin polymerisation in the red blood cells (RBC) in situations of low oxygen tension. In the homozygous state (Hb SS or HB SC), this leads to rigidity of the rbc, a change from the normal discoid to a sickle shape, and clumping together of the cells especially in small capillaries. This lead to vaso-occlusion which is the hall mark of the disease, resulting in haemolytic anaemia, bone pain crises, increased susceptibility to infections especially with encapsulated organisms like streptococcus pneumoniae, and end organ dysfunction [2] . It is estimated that approximately 300,000 children are born every year with SCD in the world, out of which over 75% are found in SubSaharan Africa [3, 4] . In Nigeria, the prevalence of SCD is 20-30/1000 live births [5] . The burden of the disease has reached a level where it contributes 9-16% to under-five mortality in many West African countries [6] . Hemoglobinopathies alone represent a health burden comparable to that of communicable and other major diseases [7] .
The inherited sickle haemoglobin gene may also present in a carrier state when paired with normal HbA for a genotype HbAS or HbAC, described as "sickle cell trait" (SCT). Though individuals with the sickle cell trait usually present with no, or very mild symptoms, life threatening complications such as gross haematuria, splenic infarction and exertional heat illness can occur in cases of hypoxia due to the polymerization of the deoxy haemoglobin S [8] . The prevalence of the sickle cell trait in many tropical African countries including Nigeria ranges between 20 and 30% of the population [9] [10] [11] [12] . SCT is common in regions with high malaria endemicity as it confers a survival advantage against malaria [3, 4] . Simultaneously, The frequent occurrence of haemolytic anaemia and risk of cerebrovascular disorders in SCD make repeated blood transfusions a recognized management strategy for this condition [1] .
On the other hand, although blood transfusion is diminishing in importance as a means of HIV transmission in the face of improved screening methods and ever diminishing window period, it remains an important mode of transmission of HIV, especially in remote, resource limited areas. Thus a high prevalence of comorbidity with HIV and SCD is expected in populations in tropical Africa. However, some reports from within and outside Africa suggest a lower prevalence of HIV in persons with SCD, in contrast to Hepatitis B and C which share similar routes of transmission with HIV but have higher prevalence in persons with SCD [14] [15] [16] [17] [18] . Malaria, another endemic disease in tropical Africa, shows a markedly reduced incidence in persons with SCT while the disease is devastating in those with SCD.
It has in fact been postulated that the sickle cell gene evolved as a protective gene against malaria parasites, being most common in areas of high malaria endemicity, with the carrier state (SCT) conferring a survival advantage [3, [19] [20] [21] . Other genetic conditions have also been found to confer resistance to some infectious diseases; notable are cystic fibrosis and cholera, Tay-Sachs and tuberculosis and Myasthenia gravis and rabies [22] . There may also be a complex interaction between SCD and SCT and HIV which requires further study for elucidation. It has been postulated that the chronic hypoxia and generation of inflammatory cytokines that are a hallmark of SCD may be detrimental to the replication of the human immunodeficiency virus thus making co-morbidity with the two disease conditions a rarity [15] . The study by Kunari and colleagues also showed lower HIV infection rate among people with sickle cell trait compared to the general African-American population. Their findings revealed that some iron-and hypoxia-regulated host factors responsible for HIV-1 replication were altered in SCT [23] . A review of the role of cellular iron and oxygen in the regulation of HIV-1 infection by Nekhai and colleagues [24] showed that in situations of hypoxia, there are reduced CDK9 activity and reduced HIV transcription and replication. There were also significantly lower expressions of HIV-1 env and gag mRNA in HIV-1 infected persons with SCT [23] . All these may explain the deregulation of HIV-1 infection in persons with SCT. While there have been a number of studies assessing the prevalence of HIV among persons with SCD and SCT, there is paucity of data assessing SCD and SCT in persons infected with HIV, especially in Nigeria, a country that is endemic for both conditions. The present study was conducted to determine the prevalence of sickle haemoglobin and its impact on clinical, haematological and virologic parameters in HIV infected children 1 to 14 years in Lagos, Nigeria. Data analysis: data were entered into excel spreadsheets, cleaned and analysed using SPSS version 20 (SPSS Inc, Chicago). Frequency tables were computed for all variables. The chi square test and student t-test were used to test for association between categorical and continuous variables respectively. Binary logistic regression was used to derive odds ratios and statistical significance was set at p value < 0.05. Table 1 shows the sociodemographic characteristics of the 208 study participants. The mean age of participants was 8.6 ± 3.2 years. Those aged less than 10 years were in the majority (54.8%). There were 108 males and 100 females (M: F = 1.1:1). Majority of the participants were in primary school (127 (61.1%)), and belonged to the two major ethnic groups in Southern Nigeria (Igbo (42.8%), Yoruba (30.3%)). Caregivers completed secondary school in majority of cases (66.8% and 65.8% for fathers and mothers respectively).
Methods

Results
The baseline clinical and laboratory characteristics of study participants are shown in Table 2 . The mean age at HIV diagnosis, weight for age (for participants younger than 5 years)/body mass index (BMI) (for participants aged 5 years or more) Z score, and WHO clinical stage were 3.2 (± 2.7) years, -1.02 ± 1.27, and 2.2 ± 0.8 respectively. The mean HIV RNA viral load, CD4 count and Hb were 727,611.6 (± 1,572,783.5) copies/mL, 886.9 (± 691.6) cells/µL, and 9.4 (± 1.4) g/dL respectively. Most participants (97.1%) were on antiretroviral drugs (ARVs) (80.8% on first line and 16.3% on second line ARVs)), with a mean duration on ARV of 6.3 (± 2.9) years. Figure   1 shows the distribution of Hb genotypes among study participants.
There were 169 (81.3%), 38 (18.3%), and 1 (0.5%) participants with HbAA, HbAS, and HbAC, respectively. None of the participants had HbSS or HbSC. The prevalence of sickle cell trait (SCT) (i.e HbAS and HbAC) and SCD (HbSS and HbSC) from this study was therefore 18.8% and 0.0% respectively. Table 3 ARVs were similar between the two groups. There was no significant difference in the history of blood transfusion (7.7% versus 13.0%), jaundice (7.7% versus 4.1%), and bone or joint pains (2.6% versus 3.6%) among participants with SCT and those with HbAA respectively. However, history of TB (as a hallmark of opportunistic infections in HIV) was significantly more common in participants with SCT (56.4% versus 24.1% (OR = 4.08 (95% CI 1.97-8.43), p < 0.001)). This is depicted in Table 4 . Table 5 shows that there was statistically significant lower baseline mean HIV RNA viral load among participants with SCT than those with HbAA (415,384 (± 545,026.7) versus 812,764 (± 1744181.6) copies/ml; p = 0.048). Though the mean CD4 count and Hb levels were lower in the participants with SCT, this was not statistically significant. The mean current HIV RNA viral load was also lower among participants with SCD (11,656.5 (± 34,152.9) versus 42,834.6 (± 333679.0) but this was also not statistically significant. The current mean CD4 count and Hb level were similar in the two groups of participants.
Discussion
This study showed a sickle cell trait (SCT) and sickle cell disease (SCD) prevalence of 18.8% and 0.0% respectively. There was no sex predilection for SCT. However, SCT was significantly associated with being of Yoruba ethnic group, having lower HIV RNA viral load, and having HIV/TB coinfection. The zero prevalence of SCD and 18.8 prevalence of SCT from this study are lower than the reported prevalence of both conditions from Nigeria and sub-Saharan Africa of 2-3% and 25-30% respectively [9] [10] [11] [12] . This disparity in prevalence rates could be due to the fact that both SCD and HIV cause significant paediatric mortality, with some reports suggesting childhood mortality rates in excess of 50% among children born with SCD [25, 26] and HIV accounting for 3-4% of under-five mortality in SSA [27] . It has also been reported that more than 50% of HIV-infected children die within the first 2 years of life without antiretroviral therapy (ART) [28] . It thus may be that children with HIV and SCD comorbidity, especially those perinatally infected with HIV succumbed at an early age to the dual burden of disease and so had no opportunity to be enrolled into the HIV treatment programme. The and had high HIV RNA viral load. This is the usual finding in HIVinfected children, and HIV is also a recognized cause of anaemia in children [28] . There was a statistically significant difference between the baseline and current virologic and haematologic parameters of all study participants. Most of the study participants (97.1%) were on antiretroviral drugs (ARVs) and this finding buttresses the wellrecognized efficacy of highly active antiretroviral therapy (HAART) which has turned a once lethal condition into a chronic and manageable one with prospects of perinatally infected children living into productive adulthood [30, 31] . This clinical improvement was evident in those with HbAA and those with SCT showing that SCT did not interfere with the response to HAART.
Conclusion
The prevalence of sickle cell trait among HIV infected children was found to be low among the study cohort and none had sickle cell disease. The participants with SCT also had lower HIV viraemia than those with HbAA. This finding suggests that further studies are needed to elucidate how this can be applied to improve child health in Nigeria and Africa. Tables and figure   Table 1 : socio-demographic characteristics of respondents 
